Lowering androgen levels by gonadectomy or inhibiting circulating androgen by administration of the antiandrogen, BOMT, did not affect morphological or compositional changes induced by hypertension in the thoracic aorta of male rats. However, treatment with cyproterone acetate, another antiandrogenic drug, did result in the maintenance of total elastin and collagen at levels the same as those for the normotensive group and significantly lower than those for other treated and untreated hypertensive groups. In rapidly growing: normotensive rats, neither castration nor administration of an antiandrogenic drug had any detectable effect on aortic wall morphology or composition regardless of whether the latter was expressed in absolute or relative terms. These findings suggest that growth and hypertension result in the accumulation of connective tissue proteins, elastin, and collagen in the blood vessel wall by different, independent mechanisms. KEY WORDS elastin collagen growth smooth muscle injury
• Estrogen decreases the net content of collagen in skin (1) and aorta (2) when it is administered to female guinea pigs or rats. In addition, the net amount of collagen which accumulates in subcutaneous sponges (1) or in carrageen granulomas (3) is reduced by estrogen administration. In the hypertensive male rat, exogenous estrogen suppresses almost completely the usual marked accumulation of aortic elastin and collagen and the morphological changes associated with elevated stress; nonfibrous components, predominantly smooth muscle cells, are also reduced but to a lesser degree (4) . However, administration of large amounts of androgen to normotensive male rats results in increased total elastin and collagen in the aortic wall; nonfibrous components remain at control levels (5) . Although these results suggest separate significant effects of estrogen and androgen, it would be interesting to learn whether removal of most endogenous androgen or interference with its activity in the male has an appreciable effect on vascular connective tissue opposite to that seen after androgen administration. Furthermore, it would also be interesting to know if growth-related increases in wall components are subject to the same manipulations as are hypertension-related alterations. Therefore, the effects of castration and of two antiandrogenic drugs on aortic connective tissue and cellular changes associated with growth and hypertension in young male rats were studied.
Methods
Male rats (Carworth CFN) weighing 190-200 g were studied. Hypertension ensued 4-5 weeks after the placement of a left renal artery clip. Systolic blood pressures were measured as previously described (6) at biweekly intervals in lightly anesthetized rats. Sham operations were performed on the rats used as controls. Four were used for morphological studies and six were used for chemical determinations. Methods for distention, fixation, and micrometry of vessels used for morphological studies were identical to those used previously (6) . Chemical analyses of the vessels for elastin, collagen, and noncollagenous alkali-soluble proteins were also performed in an identical manner to those reported previously (5, 6) .
Conadectomy or sham operations were performed during the week before trie onset of the experimental period. Antiandrogenic drugs (Fig. 1) were given subcutaneously in the following doses: cyproterone acetate 1 (7) 2.5 mg/day per rat and BOMT 2 (8) 10 mg/day. Both drugs were given in a cottonseed oil vehicle. All rats not receiving these drugs *'
9 -pregnadiene-17a-ol-3,20-dione-17a-acetate, Schering Corp., Bloomfield, New Jersey.
2 6a-bromo-17/9-hydroxy-17a-methyl-4-oxa-5a-androstan-3-one, Hoffman-LaRoche Inc., Nutley, New Jersey. Structure of the two antiandrogenic drugs, cyproterone acetate and BOMT.
were given an injection of cottonseed oil similar to that given the test rats. All treatment was begun 1 week after the renal artery had been clipped. In experiment A, five groups of rats were studied: controls (N), hypertensives (H), cyproterone acetatetreated hypertensives (C), BOMT-treated hypertensives (B), and gonadectomized hypertensives (G). The period of documented hypertension in all hypertensive groups was 8 weeks.
Squares of skin, measuring l X l inches, were removed from the lower abdominal wall of four rats in each group. Defatting was achieved after a 24-hour period in a 3:1 ethanol-ether mixture, and total dry weight was determined after 1 week in a vacuum oven at 55-60°C. Total hydroxyproline was determined as described for the aorta (5) .
In experiment B, four groups of normotensive rats were studied: controls (N), cyproterone acetate-treated normotensives (C), BOMT-treated normotensives (B), and gonadectomized normotensives (G). The total experimental period was 6 weeks.
All comparisons of data between groups were performed using Student's f-test, and differences were considered significant at the 5% level. Table 1 shows the final characteristics of the groups studied. The average final body weight for each of the hypertensive groups (H, C, G, and B) was significantly less than that for the normotensive group (N) (P at least<0.02), but final body weight did not differ significantly among the hypertensive groups. The same was true for systolic blood pressure; all the groups had a similar degree of hypertension and all had blood pressures significantly greater than that of group N ( P < 0.001). The increased blood pressure was reflected in the ratio of heart weight to body weight, which revealed the same pattern of values among the groups ( Table 1) .
Results

EXPERIMENT A
The effects of the various maneuvers on weights of accessory sexual organs are shown in Table 1 . Testes weight was unaffected by hypertension alone or by either of the antiandrogenic drugs. Explanations for this finding offered by others (7) remain largely speculative. Seminal vesicle weights showed large intergroup differences. Hypertensives (H) did not differ from normotensives (N) (t = 0.96, 0.4>P>0.3), but each of the other hypertensive groups differed from group H with the following sequence of weights: group H > group B > group C > group G (at most P<0.01 for each intergroup comparison). Obviously, gonadectomy was most effective in its antiandrogen effect, although each of the antiandrogenic drugs had significant effects.
Morphological Studies.-Morphological findings are summarized in Table 2 . Aortic diameter did not differ significantly among any of the groups (P>0.6). Medial thickness was greater in all the hypertensive groups compared with group N (P<0.01); however, none of-the hypertensive groups differed significantly from each other. Likewise, tension per lamellar unit was significantly greater in the hypertensive groups, but none of the comparisons among hypertensive groups was significant (Table 2 ). Due to the profound wall thickening in the hypertensive groups, none of the four hypertensive groups differed from group N or from each other when tension values were related Values are means =*= sic. N = control, H = untreated hypertension, C = cyproterone-treated hypertension, G = castration and hypertension, and B = BOMT-treated hypertension.
Characteristics of Hals in Experiment
to wall thickness (i.e., wall stress) (P>0.2). Medial area, which reflects wall thickness and diameter, showed the same differences between normotensive and hypertensive groups that were seen for wall thickness. None of the hypertensive groups differed significantly from each other.
Chemical Studies.- Table 3 shows the values for total aortic weights and weights of wall components. The aortas of all the hypertensive groups were significantly heavier than those of group N (P<0.001). In addition, group C had a mean aortic weight significantly less than that of group H (£=4.12, P<0.01) but not quite significantly less than that of group G (t = 1.44, 0.2>P>0.1) or group B (* = 1.89, 0.1 > P > 0.05).
The hypertensive groups all had significantly more total aortic elastin than did group N (P < 0.01) with the exception of group C which was similar to group N (* = 0.82, 0.5>P>0.4) and different from the other hypertensive groups (P<0.01). None of the other intergroup comparisons among the hypertensives was significant. The same was true for collagen, the other fibrous protein measured. Total amounts of this protein in aortas from group C were very similar to those in normotensive vessels (£ = 1.54, 0.2>P>0.1) and significantly less than those in the other hypertensive groups ( P < 0.001). None of the other hypertensive intergroup comparisons showed significant differences (P>0.2).
'I he noncollagenous alkali-soluble proteins, which may reflect primarily the cellular compartment, were elevated in all the hypertensive groups compared with group N ( P < 0.001) and none of the intergroup comparisons were significant.
When expressed as percents (Table 3) , the decreased absolute amounts of elastin and collagen in the aortas of group C hypertensive rats were manifest as a slightly reduced percent of elastin, which did not differ significantly from any of the other hypertensive groups with the exception of group G (r=2.27, P<0.05), and a percent of collagen that was significantly lower than those of the other hypertensive groups (P < 0.01). The tendency for group C aortas to have a slightly higher percent of noncollagenous alkali-soluble proteins than other hypertensive groups probably reflected the decreased percents of the fibrous Values are means * SK. N = control, H = untreated hypertension, C = cyproterone-treated hypertension, G = castration and hypertension, and B = BOMT-treated hypertension.
emulation Research, Vol. XXXIII, August 1973 elements in this group; however, the value did not differ significantly from those of other hypertensive groups (P > 0.2). The changes in percents and amounts of wall components which result from hypertension alone (group H vs. group N) have all been described in detail previously (6) .
Values for the total weight and micromoles of hydroxyproline in uniform skin samples from each of the five groups are not shown since none of the intergroup comparisons for either measurement showed significant differences (P > 0.4 for dry weight, P > 0.3 for hydroxyproline).
Experiment A showed that lowering androgen levels by gonadectomy and inhibiting circulating androgen by the pharmacological antiandrogen, BOMT, were without effect on aortic morphological or compositional changes induced by hypertension in the male rat. Treatment with cyproterone acetate, another antiandrogen, did not affect the morphological response or the increase in the noncollagenous alkali-soluble protein component resulting from hypertension but did result in maintenance of values for total elastin and collagen at levels no different from those of the normotensive group and significantly less than those of the other hypertensive groups. In uniform areas of skin, total collagen reflected by hydroxyproline values was not affected by any maneuver.
EXPERIMENT B
This experiment was a parallel study of the effects of gonadectomy and the two antiandrogens on the aorta in normotensive rats. Table 4 shows the characteristics of these groups. All rats were in a rapid-growth phase during the experimental period as they were in experiment A. With the exception of group C, which had a slightly but significantly smaller final body weight than the other groups (P<0.01), no intergroup differences were seen. Similarly, with respect to blood pressure, all of the groups were normotensive; a slight but significant increase in systolic blood pressure was seen in group C (P<0.02). However, this increment, which is unexplained, was minor and was not reflected in the ratios of heart weight to body weight ( Table 4) ; none of the other groups differed significantly from each other. The findings for accessory sex organ weights were very similar to those described above for the hypertensive groups, i.e., there were no differences between groups for testes weights, and the hierarchv of seminal vesicle weights was group N > group B > group C > group G (each intergroup P value was at most <0.01).
Morphological Studies.-In Table 5 , dimensions of and stresses on the vessels are listed. Neither aortic diameter nor wall thickness differed significantly among the groups. Calculated tension per lamellar unit and wall stress were unaffected by castration or the administration of the drugs with the unexplained exception of wall stress for group B which differed significantly from group N (t = 2.73, P<0.05). Cross-sectional area of the media, which corresponds well with total aortic weight (6), 
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revealed no intergroup differences, although the value for group C tended to be lower than the other values.
Chemical Studies.-When total aortic weight and components of the aortic wall were compared (Table 6 ), a similar pattern was obtained. Aortic weights did not differ among groups (P>0.5) and all of the individual components-elastin, collagen, and noncollagenous alkali-soluble proteins-were present in similar amounts.
When expressed as percents (Table 6 ), the same aortic wall components were similar in all of the groups. No significant differences were found except for the comparison of percents of noncollagenous alkali-soluble proteins in groups N and G which just reached significance (t= 2.60, P < 0.05).
Therefore, apart from the slight retardation of rapid growth and the slight increase in systolic blood pressure seen in group C, neither castration nor the administration of cyproterone acetate or BOMT had any detectable effect on aortic wall dimensions, calculated stresses, or composition regardless of whether the latter was expressed in absolute or relative terms. Effectiveness of the surgical and pharmacological maneuvers was confirmed by the significant changes in endocrine end organs.
Discussion
The two major conclusions that this study seems to justify are (1) that reduction or near elimination of androgen in the male, either by castration or by pharmacological inhibition, is without effect on aortic wall dimensions or composition in normotensive or hypertensive Tats and (2) that cyproterone acetate appears to significantly inhibit hypertensionrelated increases in aortic elastin and collagen without influencing growth-related increments in these proteins. On the basis of the first conclusion, the mechanism for the latter effect does not appear to be due directly to this drug's antiandrogen activity.
Castration results in a profound, persistent reduction in circulating testosterone levels (9) . It is unlikely therefore that residual hormonal activity could explain the present results. Furthermore, even if the duration of castration in normotensive rats is extended to 3 months, no change in aortic composition is detectable (Wolinsky, unpublished observations) . This result appears to be at variance with those of Cembrano et al. (10) who showed that gonadectomy of the chicken resulted in lower elastin and collagen percents in aortas. No explanation is apparent other than the difference in species studied and more importantly, perhaps, that they expressed their data only as percent changes in components. Absolute changes in wall components other than those measured can give rise to apparent percent changes in components which in fact are unaffected in absolute amount (11) . More disturbing perhaps is the apparent discrepancy between the findings in the present paper and those in another study (5) which showed that exogenous androgen, administered in large amounts to intact males, resulted in increased absolute amounts of aortic elastin and collagen. Two paths of reconciliation seem apparent. Increases in connective tissue after exogenous androgen administration could reflect either the magnitude of the dose of androgen administered or the possibiity that other hormonal chain effects were triggered (12, 13) and that a simple cause-effect relation did rot exist. In either case, even near eradication of much lower amounts of circulating androgen from endogenous sources would not necessarily be expected to result in clearly opposite effects from those seen in the former experiment. In other words, elimination of the physiological effects of a hormone does not give results opposite in sign to those resulting from pharmacological doses of that same hormone; two quite different properties may be involved as discussed below. The apparent complete lack of effect of castration in this study would appear to imply that the marked inhibitory effects of estrogen on aortic accumulation of elastin and collagen in the hypertensive male reported elsewhere (4) did not result from the accompanying reduction in circulating androgen levels but from an unspecified action of the female hormone itself.
The second conclusion is at the same time more tenuous and perhaps more intriguing. Cyproterone acetate administration was begun nearly at the outset of experiments A and B; both experiments spanned periods of rapid growth in all rats when rapid synthesis of wall elements, particularly elastin and collagen are known to occur (14, 15 ). Yet, the absolute amounts of aortic elastin and collagen found in the hypertensive and normotensive rats treated with cyproterone acetate did not differ from those found in untreated normotensives in both experiments. Accumulation of connective tissue in skin, which undoubtedly accompanies growth, was also unaffected by the administration of cyproterone acetate. If a completely nonspecific inhibitory effect were operative, the cyproterone-treated groups should have had less elastin and collagen than corresponding normotensives because of the inhibition of both growth-related increases and hypertension-related increases. Rather, the findings at least strongly suggest that growth-related increments were unimpaired and that a somewhat selective inhibitory effect prevented only the hypertension-related increments.
Although other possible explanations can be constructed, a precedent for these findings has been reported previously (4) . The fact that estrogen inhibits the elastin and collagen increments usually induced in the male rat aorta by hypertension (4) has already been alluded to. However, despite early administration of estrogen to rapidly growing males, the amounts of mural elastin and collagen were very similar to those seen in untreated hypertensives in that experiment (4, Table 3 ). In other words, the hypertension-related increments were completely inhibited, but the growth-related increments were not affected.
Though these findings also are vulnerable to the criticism that they are circumstantial, it is intriguing nonetheless to speculate that the actions of estrogen and cyproterone acetate are mediated by a relatively specific type of inhibitory effect. The validity of this formulation remains to be proved.
In searching for possible qualitative differences in the mechanisms by which growth and hypertension could bring about increments in connective tissue the most plausible initial suspicion is that hypertension, in the form of excessive mechanical stress, results in direct injury of the vessel wall (15) . Reaction to this injury is a far different stimulus of cell proliferation (16) and connective tissue synthesis (6) than that seen in response to growth. Correspondingly, a group of agents with activities directed at a "repair" process could influence the vascular response without interfering with simultaneous responses to "nonrepair" processes. Although many such speculations are stimulated by the data reported in this paper, it will be necessary to first confirm the differential effects described. Most encouraging, though, from the finding of apparently similar effects by two agents (estrogen and cyproterone acetate) with very different primary hormonal effects is the possibility that the desirable inhibitory effects on connective tissue accumulation described in this paper are independent of any particular hormonal activity and that other more acceptable agents can be identified.
